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Abstract
In order to give a charged lepton mass formula, a model with U(3)-














), the model leads to a seesaw-









for quarks and leptons f = u; d; 
and e. However, the model, in general, induces avor changing neutral
currents. Lower bounds of the physical Higgs boson masses of 
L
are
deduced from the present experimental data and new physics from the







One of our dissatisfactions with the standard model is that for the expla-


















(f = ; e; u; d, and i; j
are family indices) \by hand". If we could understand the mass spectra from the







[1] nonet Higgs elds which















, we were happy. Unfortunately, how-
ever, we know that the mass spectra of up- and down-quarks and charged leptons
are not identical and the Kobayashi-Maskawa [2] (KM) matrix is not a unit matrix.
Moreover, we know that in such multi-Higgs models, in general, avor changing
neutral currents (FCNC) appear unfavorably.
Nevertheless, the idea that U(3)
family
nonet Higgs bosons play an essential
role in the fermion mass spectra is still attractive. The motives are as follows. First
motive is a phenomenological success of a charged lepton mass relation based on a


























has been speculated on the basis of a composite model [4] and then an extended




= 1776:96927  0:00052  0:00005 MeV ; (1:2)
for the input values [6] ofm
e
= 0:510999060:00000015 MeV andm

= 105:658389










MeV excellently satises the charged lepton mass relation (1.1). (However, if we
apply the relation (1.1) not to the observed mass values m
`
(` = e; ;  ), but to
the running mass vaues m
`





) compared with the experimental value m

= 1777 MeV. Nevertheless,
we still consider that the mass relation (1.1) should be taken seriously.)
An attempt to derive the mass relation (1.1) from a Higgs model has been






(i; j = 1; 2; 3), whose potential is given by


























Here, for simplicity, the SU(2)
L
structure of  has been neglected, and we have
expressed the nonet Higgs bosons 
j
i












is the octet part of , i.e., Tr(
oct
) = 0, and 1 is a 3  3 unit matrix.
For 
2















together with v = v
y



































m, with m / v and heavy lepton mass matrix M
E
/ 1, we can obtain the
mass relation (1.1).
The second motive is a phenomenological success of quark and lepton mass










(f = ; e; u; d, O
e









is a charged lepton mass matrix), which has been proposed by one of
the authors (Y.K.) [8]. If we regard that the matrix O
f
is given by the inverse
of a mass matrix M
F
of heavy fermions F , M
 1
F
, the model just means a seesaw-










has been done by Fusaoka and one of the authors (Y.K.)
[10]. The model can successfully provide predictions for quark mass ratios and






































They [10] have found that the seesaw-type mass matrix with the form (1.7) of M
F




















): The inverse of the matrix [(unit matrix)+(democratic-
type matrix)], 1+b
F

















j ! 1 in the limit of b
F




comes from the feature that
the democratic-type mass matrix [11] can provide a large mass only to the third
family, i.e., the eect of ja
u
j ! 1 contributes mainly tom
t
. Of course, by adjusting
the parameter 
D
, we have also obtained reasonable KM matrix parameters as well
as up- and down-quark masses.
These phenomenological successes suggest that we may take seriously the





























) which have quantum







































symmetries. These symmetries except for
U(3)
family
are gauged. The global symmetry U(3)
family
will not be broken spon-
taneously, but explicitly. We will prepare light fermions, f
L
= (2; 1; 3), and f
R
=
(1; 2; 3), and heavy fermions, F
L
= (1; 1; 3) and F
R






, respectively. We also prepare Higgs bosons 
L
= (2; 1; 8 + 1), 
R
=
(1; 2; 8 + 1), and 
F
= (1; 1; 8 + 1). The outline of the model is presented in the
next section II.
In the section III, we discuss the Higgs potential V (
L
) of the U(3)-family




) under an ansatz and the conditions for minimizing
V (
L
). In IV, we calculate masses of the Higgs boson 
L
, and in V, we estimate a
lower bound of the mass of the Higgs bosons 
j
Li
(i 6= j) from the experimental data






. Besides, the present model, in general, induces
FCNC. In VI, we will estimate lower bounds of the physical Higgs boson masses

















and so on. Finally, in VII, we will speculate a possible new physics which is expected
from the present model.
II. OUTLINE OF THE MODEL
In our scenario, we prepare the following fermions: f = `; q (` = (; e),
q = (u; d)) and F = N;E;U;D, which belong to f
L
= (2; 1; 3), f
R
= (1; 2; 3),
F
L
= (1; 1; 3), and F
R











, are distinguished by hypercharge Y (note
4
that Y 6= B L for the heavy fermions): Hypercharges of the heavy fermions (N;E)
and (U;D) take the values (0; 2) and (4=3; 2=3), respectively. The quantum
numbers of those elds are listed in Table I.











so that there are no Higgs elds which couple with ff at tree level. We assume



















































+ (L$ R) ; (2:1)









































which belong to (1,1,1)































































































































is common to quarks and leptons, while the structures
of M
F
are dierent among F = U;D;N and E, dependently on the parameter b
F
.












i.e., each term in V (
R
) takes the coecient which is exactly proportional to the
corresponding term in V (
L
). This assumption means that there is a kind of
\conspiracy" between V (
R
) and V (
L
). However, in this paper, we will not go
into this problem moreover.














such as they are
Hermitian. A CP violation phase can be included only in the heavy fermion mass
matrix M
F
(i.e., in the parameter b
F
). For the charged leptons, the mass matrix
of the heavy leptons M
E
is Hermitian, so that CP violation does not manifest in
the charged lepton sector.
Since the VEV of 
0
L

















GeV, we expect some observable eects of the
physical Higgs bosons 
L










from the phenomenological point of view. In the next section, we
investigate a possible form of V (
L
) which derives the relation (1.6) (therefore the
charged lepton mass relation (1.1)). However, we will not touch what mathematical
requirements can provide such a potential form. The purpose of the present paper
is to study masses of the physical Higgs bosons 
L
and their interactions with gauge
bosons and fermions when the elds 
L
are described by such a potential which
can lead to the relation (1.6).
III. HIGGS POTENTIAL V (
L
) AND \NONET" ANSATZ





we will omit the index L and simply write 
L
as . We do not consider mixings






. Then, the potential V () is given by









is a part of V () which satises a \nonet" ansatz stated below,
6
VOctSingl
is a part which violates the \nonet" ansatz, and V
SB













) always appear with the combination





















































































. Here, for simplicity, we have taken only U(3)
family
singlet terms in which each two of four elds can make U(3)
family
singlets. A more

















) and so on, is given in
Appendix A.
In addition to V
nonet
which satises the nonet ansatz, we consider terms the
following interaction terms between octet- and singlet-components V
OctSingl
which


















































































are invariant under SU(3)
family











cannot x each value v
i











although we can derive that the VEV's v should satisfy the relation (1.6). In order
to x three values of v
i





. We consider that gauge symmetries are exact symmetries
in the original Hamiltonian, so that those are broken only spontaneously, while
global symmetries are phenomenological and approximate symmetries, so that the
symmetries may be broken explicitly.
7
For a time, we neglect the term V
SB
in (3.1). For 
2
< 0, conditions for















































































































, so that v
y
























which leads to the relation (1.6).
Note that the exact nonet form (1.4) is not always essential to provide the





























































































appear with the same
relative weight in V
nonet
and in the Yukawa interactions with fermions. However,
8
there is no substantial dierence between the cases of k = 1 and k 6= 1 for evaluation
of physical quantities. Therefore, hereafter, we will investigate only the case of
k = 1.
So far, we do not have any conditions more than (3.6) (therefore (1.6)) for
v, although it is sucient for deriving charged lepton mass relation (1.1). In order
to x each component of v, we must add some additional terms to the potential
V ().













+ v, seven components of 
0
oct








although the singlet component 
0
s











































(i 6= j) :
(3:12)
Therefore, we add the following U(3)
family


























We can easily see that the relation (3.6) is unchanged even by adding such the
explicitly symmetry-breaking terms V
SB




> 0 ; (3:14)










= 0 (i 6= j).



































=  + 
2
. The term V
0
SB
plays a role to x the axis of the SU(3)
family
breaking.


































































































































































Some useful formulas for the parameters z
i
are given in Appendix B.
Although in the present stage of the model, we must add an SU(3)
family
symmetry breaking term V
0
SB







). The independent parameter of x
i
is only one (for example,
see (B7) in Appendix B).
IV. HIGGS BOSON MASSES AND INTERACTIONS

















































































































































































































































































where we have used the relations (3.4) and (3.5).
First, we discuss masses of the charged Higgs bosons 












































































where, from (3.20) and (3.21), y
i












((i; j; k) are
cyclic indexes of (1; 2; 3)).







































































































































































































































denotes a boson with i 6= j.




























































































































> 0 : (4:13)






































] > 0 ; (4:15)
respectively. These relations are consistent with the positivity conditions of the












































, so that the model becomes essentially identical with the two-Higgs-
doublet model [13].







is a covariant derivative). From the straightforward









































= g= cos 
W






















= (174 GeV )
2
: (4:19)
Since we take interest only in new eects which are caused by the existence of

L




. Since, for a time, we deal only with tree-level
physics, we calculate the interactions of 
L
by taking the unitary gauge.
Interactions of 
L


































































































































































































with gauge bosons are completely identical with those of the neutral
Higgs boson H
0
in the standard model.
Three-body interactions of 
L






























































































































































































































































































































compared with the other Higgs bosons whose masses are of the order of TeV. The




states. Of course, the lightest Higgs boson H
0
1
cannot decay into multi-
Higgs-boson states. The dominant decay modes of our Higgs bosons are those into
two fermion states.








Our Higgs particles 
L
do not have interactions with light fermions f at tree
level, and they can couple only between light fermions f and heavy fermions F .
However, since the fermion mass matrix (2.3) is diagonalized, the physical fermion







































































































































































are Hermitian in the present model. Therefore, an interaction

















































































































For the interactions of 
L
















































































































































































































































Therefore, in the pure leptonic modes, the exchange of 
L
cannot cause family-




family-number non-conservation is, in general, caused by the exchange of 
L
.
Note that even in the limit of U
f
L













































, and so on.

















. The eective Hamiltonian for the decay






















































































































and we have used U
d











































































































































































) > 2:4 TeV : (5:21)
Thus, Higgs scalar masses are expected to be a few TeV region.
VI. FLAVOR CHANGING NEUTRAL CURRENTS
AND CONSTRAINTS ON HIGGS BOSON MASSES
As stated in the previous section, since U
q
L
6= 1 in quark sector, avor chang-

























mixings. In this section, we study the magnitudes of
FCNC in details.
18
Note that as far as the physical Higgs boson H
0
1
is concerned, the interaction
with quarks q
i




































































Therefore, the interactions of H
0
1
with quarks are identical with those of the physical
neutral Higgs boson H
0
SM




are also identical with those of H
0
SM































































+ h:c: ; (6:2)
where U  U
f
L




















f = u; d.
The interactions with 
l
k


























































































For the interactions with 
k
k

















































































































































































































































































































































































































































































mixing and so on, since these Higgs bosons decouple from
the low energy eective theory. However, even then, the contributions form 
2
still


















must be large than 10
5
GeV. Considering from (4.14), (4.15)
and v
0






have such large masses as far as








are of the order of one or
less than it.
Note that the contributions form 
0
have the opposite signs to that from
H
0























= 0 ; (6:10)





















































































































































































































































































) belong to I = 0 states. The constraint





























where    denotes the I = 0 component in (I = 1) (I = 1), i.e.,







































It is likely that the Higgs potential V () takes such a special form. Then, the
































































































































































ia a QCD correction factor from hard gluon exchange, B
P
is a pa-


























































' 6:5  10
 8








mass dierences are not negligible because K
ij


















































































































































































































j  88 TeV ; (6:22)




mixing zero, and, we have used B
K
= 0:65 [15] and f
K
















= 0:2 GeV in (6.20) { (6.22).


















' 0:22, we cannot consider





































j ' 0:22 by way of trial and

QCD

















, the FCNC processes are highly suppressed. Since we have
known m
H3






, we cannot take so low value
of m
H2
. For example, for m
H3






VII. PRODUCTION AND DECAYS OF NEW HIGGS BOSONS




its interactions with electroweak gauge bosons and with light fermions (quarks


















































in the standard model.
The most distinguishable ones from the physical Higgs bosons in the standard











































linear collider in the near future. Unfortunately, as discussed in






Only a chance of the observation of our Higgs bosons 
j
i





at a super hadron collider with several TeV beam energy, for example, at LHC,

















= 1:029 + 0:002: (7:3)








































! cu) :  (H
1
2






























































= 73:5% : 24:9% : 1:6%; (7:4)
where we have used the quark mass valuesm
q
() at  = 1 GeV as the quark masses
inside ordinary hadrons.
VIII. CONCLUSION
In conclusion, inspired by the phenomenological success of the charged lepton







and vector-like heavy leptons F (F = U;D;N;E) correspondingly to
ordinary quarks and leptons f (f = u; d; ; e), and have investigated its possible
new physics.
The charged lepton mass relation (1.1) can derive only when the potential
V () takes a special form (3.1), which satises \U(3)-family nonet" ansatz. In
order to avoid massless physical Higgs bosons, we must consider a term which
explicitly breaks U(3)-family symmetry, (3.13) [or (3.16)].
Of the 36 components of our Higgs boson 
L
















same interactions with fermions and electroweak gauge bosons, so that it is hard
to distinguish our Higgs boson H
0
1
from the neutral Higgs boson in the standard
model experimentally.
In the limit of  ! 1 ( is the parameter which characterizes the ex-
plicit U(3)-family symmetry breaking (3.13)), the Higgs bosons which have nite












, so that the model becomes similar to the
two-Higgs-doublet model. However, dierently from the conventional two-Higgs-






can contribute to the avor-changing
neutral current processes, so that their masses must be of the order of a several










can expect our Higgs bosons with masses of 2.5 TeV (except for H
0
1
). In a top pair










The problem of the avor-changing neutral currents in the present model was
pointed out by Professor K. Hikasa. The authors would sincerely like to thank him
for valuable comments. This work was supported by the Grant-in-Aid for Scientic
Research, Ministry of Education, Science and Culture, Japan (No.06640407).
Appendix A






















































































































































































































= 0 ; (A:3)















an octet part of the 3  3 matrix A, i.e., A
oct









) = 0 ; (A:4)
we can obtain the desirable relation (3.6).
The mass matrixM
2






















































)(  ) + (  )

; (A:6)








) and, in general,










massless and should be eaten by the gauge boson W
+





= 0 ; (A:7)





= 0 : (A:8)
In other words, the Higgs potential V () with a general form given by (A.1) cannot
lead to our desirable scenario. Only when the potential takes a restricted form with
the conditions (A.7) and (A.8), it can lead to a favorable model.
Appendix B






























































where (i; j; k) are cyclic indices of (1; 2; 3).

























































































































; ( = 2:268

) : (B:7)
At the present stage, the parameter  is pure phenomenological one. If we can



















open question why  takes such a value will be answered in a future theory.
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Fig. 1. Mass generation of quarks and leptons f
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